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(6) Crosswind Takeoff ....

+3 Kts Airspeed, +1.5° Pitch,
+1.5° Angle of Attack, +20 ft
(6 m) Altitude, +2° Bank and
Sideslip Angle. Additionally,
for those simulators of air-
planes with reversible flight
control systems: Stick/Col-
umn Force; #10% or 5 |b
(2.2 daN); Wheel Force;
+10% or +3 Ib (1.3daN); and
Rudder Pedal Force; +10%
or 5 Ib (2.2 daN).

Ground/Takeoff and
First Segment
Climb.

X

X

Record takeoff pro-
file from brake re-
lease to at least
200 ft (61 m)
AGL. Requires
test data, includ-
ing information on
wind profile (i.e.,
wind speed and
direction vs. alti-
tude), for a cross-
wind component
of at least 20 Kits.,
but not more than
the maximum (or
maximum dem-
onstrated) cross-
wind for the air-
plane.

Yes.

(7) Rejected Takeoff

+5% Time or +1.5 sec; +7.5%
Distance or +250 ft (+76 m.

Ground/Takeoff .......

Record time and
distance from
brake application
to full stop. The
airplane must be
at or near the
maximum takeoff
gross weight. Use
maximum braking
effort, auto or
manual.

Autobrakes will be
used where appli-
cable.

Yes.

(8) Dynamic Engine Fail-

ure After Takeoff.

+20% Body Rates

1st Segment Climb

Engine failure speed
must be within +3
Kts of airplane
data. Record
Hands Off from 5
secs. before to 5
secs. after engine
failure or
30° Bank, which-
ever occurs first,
and then Hands
On until wings
level recovery.
Engine failure
may be a snap
deceleration to
idle. (CCA: Test
in Normal AND
Non-normal con-
trol state).

For safety consider-
ations, airplane
flight test may be
performed out of
ground effect at a
safe altitude, but
with correct air-
plane configura-
tion and airspeed.

c. Climb

(1) Normal Climb ...

+3 kts Airspeed, +5% or +100
FPM (0.5 m/Sec.) Climb
Rate.

All Engines Oper-
ating..

Record results at
nominal climb
speed and at
nominal altitude.
Manufacturer’s
gross climb gra-
dient may be used
for flight test data.
May be a Snap-
shot Test.

Yes.
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B
(2) One engine Inoper- +3 kts Airspeed, +5% or +100 | Second Segment X Record results at | .ocooeiiiiieee Yes.
ative Second Segment FPM (0.5 m/Sec.) Climb Climb with one airplane limiting
Climb. Rate, but not less than the engine inoperative. conditions of
FAA-Approved Airplane weight, altitude, &
Flight Manual (AFM) Rate of temperature. Man-
Climb. ufacturer's gross
climb gradient
may be used for
flight test data.
May be a Snap-
shot Test.
(3) One Engine Inoper- +10% Time, +10% Distance, | En route Climb ........ Record results for at
ative En route Climb. +10% Fuel Used. least a 5000 ft
(1550 m) climb
segment. Ap-
proved Perform-
ance Manual data
may be used.
(4) One Engine Inoper- +3 Kts Airspeed, +5% or +100 | Approach Climb X Record results at = | ..o, Yes.
ative Approach Climb FPM (0.5 m/Sec.) Climb With One Engine not less than 80%
(if Approved AFM re- Rate, but not less than the Inoperative. of the FAA-certifi-
quires specific per- Approved AFM Rate of cated maximum
formance in icing con- Climb. landing weight.
ditions). Manufacturer’s
gross climb gra-
dient may be used
for flight test data.
May be a Snap-
shot Test.
d. Cruise
(1) Level Acceleration 5% TIME oo CrUiSe ...ocvevveiriiieenns X Record results for a
and Deceleration. minimum of 50
Kts speed change.
(2) Cruise Performance .. | +.05 EPR 5% of N1 and Ny, | Cruise ........c.cccceeuent May be a Snapshot
+5% of Torque, +5% of Fuel Test; however, a
Flow. minimum of 2
consecutive snap-
shots with a
spread of at least
5 minutes will be
required.
e. Ground Deceleeration
(1) Deceleration Time +5% of Time. For distance up | Landing, Dry Run- X Record time and Data is required for | Yes.

and Distance, using
manual application of
wheel brakes and no
reverse thrust.

to 4000

ft (1220 m): +200 ft

(61 m) or +10%, whichever

is smaller. For

greater

distance
than 4000 ft (1220

m): £5% of distance.

way.

distance for at
least 80% of the
segment from
touch down to full
stop. Data on
brake system
pressure and po-
sition of ground
spoilers (including
method of deploy-
ment, if used)
must be provided.
Engineering data
may be used for
the medium and
light gross weight
conditions.

medium, light, and
near maximum
landing gross
weights.
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(2) Deceleration Time
and Distance, using re-
verse thrust and no
wheel brakes.

+5% Time and the smaller of
+10% or +200 ft (61 m) of
Distance.

Landing, Dry Run-
way.

X

X

Record time and
distance for at
least 80% of the
total demonstrated
reverse thrust
segment. Data on
the position of
ground spoilers,
(including method
of deployment, if
used) must be
provided. Engi-
neering data may
be used for the
medium and light
gross weight con-
ditions.

Data is required for
medium, light, and
near maximum
landing gross
weights.

Yes.

(3) Deceleration Dis-
tance, using wheel
brakes and no reverse
thrust.

+10% of Distance or +200 ft

(61 m).

Landing, Wet Run-
way.

The FAA-approved
AFM data or FAA
accepted ground
handling model
calculations are
permissible.

(4) Deceleration Dis-
tance, using wheel
brakes and no reverse
thrust.

+10% of Distance or +200 ft

(61 m).

Landing, Icy Run-
way.

The FAA-approved
AFM data or FAA
accepted ground
handling model
calculations are
permissible.

f. Engines

(1) Acceleration

+10% Ti, #10% Ty v,

Approach or landing

Record engine
power (N1, N,
EPR, Torque,
etc.) from idle to
go-around power
for a rapid (slam)
throttle movement.

Yes

(2) Deceleration ..............

3. HANDLING QUALITIES

+10% Ti, £10% Tt wooveeciiien,

Ground/Takeoff .......

Record engine
power (N1, N,
EPR, Torque,
etc.) from Max T/
O power to 90%
decay of Max T/O
power for a rapid
(slam) throttle
movement.

Yes.
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For simulators requir-

ing Static or Dynamic

tests at the controls (i.e.,

column, wheel, rudder

pedal), special test fix-

tures will not be required

during initial or upgrade

evaluations if the spon-

sor's QTG/MQTG shows

both test fixture results

and the results of an al-

ternative approach, such

as computer plots pro-

duced concurrently, that

show satisfactory agree-

ment. Repeat of the al-

ternative method during

the initial or upgrade

evaluation would then

satisfy this test require-

ment. For initial and up-

grade evaluations, the

control dynamic charac-

teristics must be meas-

ured at and recorded di-

rectly from the cockpit

controls, and must be ac-

complished in takeoff,

cruise, and landing flight

conditions and configura-

tions. Contact the NSPM

for clarification of any

issue regarding airplanes

with reversible controls.

a. Static Control Checks

(1) Column Position vs. Breakout: +2 Ib (0.9 daN). | Ground .......c.cccceenene X X Record results for | ... Yes.
Force and Surface Po- Force: +10% or 5 Ib (2.2 an uninterrupted
sition Calibration. daN) and +2° Elevator. control sweep to

the stops. CCA:
Position vs. force
not required if
cockpit controller
is installed in the
simulator.

(2) Wheel Position vs. Breakout: #2 Ib (0.9 daN). | Ground .......ccccceennen X X Record results for | ..o, Yes.
Force and Surface Po- Force: +10% or #3 Ib (1.3 an uninterrupted
sition Calibration. daN) and *1° Aileron, +3° control sweep to

Spoiler Angle. the stops. CCA:
Position vs. force
not required if
cockpit controller
is installed in the
simulator.

(3) Rudder Pedal Posi- Breakout: #5 Ib (2.2 daN). | Ground X X Record results for
tion vs. Force and Sur- Force +10% or #5 Ib (2.2 an uninterrupted
face Position Calibra- daN) and +2° Rudder Angle. control sweep to
tion. the stops.

(4) Nosewheel Steering Breakout: +2 Ib (0.9 daN). | Ground .........cc.cceuen. X X Record results of an | ..o Yes.
Force & Position. Force: +10% or 3 Ib (1.3 uninterrupted con-

daN) and +2° Nosewheel trol sweep to the

Angle. stops.

(5) Rudder Pedal Steer- | £2° Nosewheel Angle, +0.5° | Ground ..........ccc.c.c... X X Record results of an | ..o, Yes.
ing Calibration. Deadband. uninterrupted con-

trol sweep to the
stops.
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(6) Pitch Trim Calibration
(Indicator vs. Com-
puted) and Rate.

+0.5° of Computed Trim Angle,
+10% Trim Rate.

Ground and Go
Around.

X X

Trim rate must be
checked using the
pilot primary trim
control (ground)
and using the
autopilot or pilot
primary trim con-
trol in flight at go-
around flight con-
ditions.

Yes.

(7) Alignment of Power
Lever Angle vs. Se-
lected Engine Param-
eter (e.g., EPR, Ny,
Torque, etc.).

+5° of Power Lever Angle .......

Ground

Requires recording
for all engines. No
simulator throttle
position may be
more than 5° (in
either direction)
from the airplane
throttle position.
Also, no simulator
throttle position
may differ from
any other simu-
lator throttle posi-
tion by more than
5°. Where power
levers do not have
angular travel, a
tolerance of £ 0.8
in (2 cm) applies.
In the case of pro-
peller powered
airplanes, if a pro-
peller lever is
present, it must
also be checked.
May be a series
of shapshot test
results.

(8) Brake Pedal Position
vs. Force and Brake
System Pressure.

+5 Ib (2.2 daN) or 10% Force,
+150 psi (1.0 MPa) or +10%
Brake System Pressure.

Hydraulic system
pressure must be
related to pedal
position through a
ground static test.

Yes.

b. Dynamic Control Chec

ks

(1) Pitch Control .............

+10%

of time for first zero

crossing and 10 (n+1)% of
period thereafter, £10% am-

plitude of first

overshoot,

+20% of amplitude of 2nd
and subsequent overshoots
greater than 5% of initial dis-

placement (Ag),

+1 over-

shoot.

Takeoff, Cruise, and
Landing.

Data must show
normal control dis-
placement in both
directions. Toler-
ances apply
against the abso-
lute values of
each period (con-
sidered independ-
ently). Normal
control displace-
ment for this test
is 25% to 50% of
full throw. CCA:
Test not required
if cockpit con-
troller is installed
in the simulator.

“n” is the sequential
period of a full
cycle of oscilla-
tion. Refer to
paragraph 3 of
this attachment for
more information.
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(2) Roll Control ...............

+10%

shoot.

of time for first zero
crossing, and 10 (n+1)% of
period thereafter, £10% am-
plitude of first
+20% of amplitude of 2nd
and subsequent overshoots
greater than 5% of initial dis-
placement

overshoot,

(Ag), %1 over-

Takeoff, Cruise, and
Landing.

Data must show
normal control dis-
placement in both
directions. Toler-
ances apply
against the abso-
lute values of
each period (con-
sidered independ-
ently). Normal
control displace-
ment for this test
is 25% to 50% of
full throw. CCA:
Test not required
if cockpit con-
troller is installed
in the simulator.

“n” is the sequential
period of a full
cycle of oscilla-
tion. Refer to
paragraph 3 of
this attachment for
more information.

(3) Yaw Control

+10%

shoot.

of time for first zero
crossing, and +10 (n+1)% of
period thereafter, £10% am-
plitude of first
+20% of amplitude of 2nd
and subsequent overshoots
greater than 5% of initial dis-
placement

overshoot,

(Ag), %1 over-

Takeoff, Cruise, and
Landing.

Data must show
normal control dis-
placement in both
directions. Toler-
ances apply
against the abso-
lute values of
each period (con-
sidered independ-
ently). Normal
control displace-
ment for this test
is 25% to 50% of
full throw.

“n” is the sequential
period of a full
cycle of oscilla-
tion. Refer to
paragraph 3 of
this attachment for
more information.

(4) Small Control Inputs

+20% Body Rates

Cruise and Ap-
proach.

This test is applica-
ble in all three
axes. Small con-
trol inputs are 5%
of total travel.

c. Longitudinal

(1) Power Change Dy-
namics.

Pitch.

+3 Kts Airspeed, +100 ft (30
m) Altitude, +20% or +1.5°

Wing flaps must re-
main in the ap-
proach position.
Record the uncon-
trolled free re-
sponse from 5
seconds before
the power change
is initiated to 15
seconds after the
power change is
completed. (CCA:
Test in Normal
and Non-normal
control state.).

Yes.

(2) Flap/Slat Change Dy-
namics.

+3 Kts Airspeed, +100 ft (30

Pitch.

m) Altitude, +20% or +1.5°

Takeoff, and Ap-
proach.

Record the uncon-
trolled free re-
sponse from 5
seconds before
the configuration
change is initiated
to 15 seconds
after the configu-
ration change is
completed. (CCA:
Test in Normal
and Non-normal
control state).

Yes.
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(3) Spoiler/Speedbrake
Change Dynamics.

+3 Kts Airspeed, +100 ft (30
m) Altitude, +20% or +1.5°
Pitch.

CrUISE ..oovvveeiiiieeens

Record the uncon-
trolled free re-
sponse from 5
seconds before
the configuration
change is initiated
to 15 seconds
after the configu-
ration change is
completed. (CCA:
Test in Normal
and Non-normal
control state).

Yes.

(4) Gear Change Dynam-
ics.

+3 Kts Airspeed, +100 ft (30
m) Altitude, +20% or +1.5°
Pitch.

Takeoff, Second
Segment Climb,
and Approach.

Record the time his-
tory of uncon-
trolled free re-
sponse for a time
increment from 5
seconds before
the configuration
change is initiated
to 15 seconds
after the configu-
ration change is
completed. (CAA:
Test in Normal
and Non-normal
control state).

Yes.

(5) Alternate Landing
Gear and Alternate
Flap/Slat Operating
Times.

+1 second or +10% of Time ....

Takeoff and Ap-
proach.

Record all data
throughout full
range. Record ex-
tension and re-
traction for alter-
nate flap oper-
ation. Record ex-
tension only for al-
ternate gear oper-
ation. Tabular
data from produc-
tion airplanes are
acceptable.

Intermediate incre-
ment times are
not required.

Yes.

(6) Longitudinal Trim ......

+1° Pitch Control (Stab and
Elev.), £1° Pitch Angle, +5%
Net Trust or Equivalent.

Cruise, Approach,
and Landing.

May be Snapshot
Tests. (CCA: Test
in Normal and
Non-normal con-
trol state).

Yes.

(7) Longitudinal Maneu-
vering Stability (Stick
Forcelg).

5 Ib (2.2 daN) or +10% Col-
umn Force or Equivalent
Surface Position.

Cruise, Approach,
and Landing.

Simulator
level
B C
X X
X X
X X
X X
X X

Record results for
approximately 20°
and 30° of bank
for approach and
landing configura-
tions. Record re-
sults for approxi-
mately 20°, 30°,
and 45° of bank
for the cruise con-
figuration. May be
a series of
shapshot test re-
sults. (CCA: Test
in Normal and
Non-normal con-
trol state).

Yes.
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(8) Longitudinal Static
Stability.

5 Ib (2.2 daN) or +10% Col-
umn Force or Equivalent
Surface Position.

Approach .................

Record results for at
least 2 speeds
above and 2
speeds below trim
speed. May be a
series of shapshot
test results. (CCA:
Test in Normal or
Non-normal con-
trol state).

Yes.

(9) Stick Shaker, Air-
frame Buffet, Stall
Speeds.

+3 Kts Airspeed, +2° Bank for
speeds higher than stick
shaker or initial buffet, Air-
planes with reversible flight
control systems, +10% or +5
Ib (2.2 daN)) Stick/Column
force.

Second Segment
Climb, and Ap-

proach or Landing.

Record the stall
warning signal
and buffet on-set,
if applicable. The
signal must occur
in the proper rela-
tion to buffet/stall.
Airplanes exhib-
iting a sudden
pitch attitude
change or “g
break” must dem-
onstrate this char-
acteristic. (CCA:
Test in Normal
and Non-normal
control state).

(10) Phugoid Dynamics ..

+10% of Period, +10% of Time
to %2 or Double Amplitude or
+.02 of Damping Ratio.

CrUiSe ..oooovevieiiieeis

The test must in-
clude whichever is
less of the fol-
lowing: Three full
cycles (six over-
shoots after the
input is com-
pleted), or The
number of cycles
sufficient to deter-
mine time to ¥z or
double amplitude.
(CCA: Testin
Non-normal con-
trol state).

Yes.

(11) Short Period Dy-
namics.

+1.5° Pitch or *2°/sec. Pitch
Rate, +0.10g Acceleration.

CrUiSe ..oovveerieiiieens

(CCA: Test in Nor-
mal and Non-nor-
mal control state).

Yes.

d. Lateral Directional

(1) Minimum Control
Speed, Air (Vmea), per
Applicable Airworthi-
ness Standard or Low
Speed Engine Inoper-
ative Handling Charac-
teristics in Air.

+3 Kts Airspeed .......cccceeveenen.

Takeoff or Landing
(Whichever is
most critical in the
airplane).

(CCA: Test in Nor-
mal or Non-nor-
mal control state).

Low Speed Engine
Inoperative Han-
dling may be gov-
erned by a per-
formance or con-
trol limit that pre-
vents demonstra-
tion of Vimea in the
conventional man-
ner.

Yes.

(2) Roll Response (Rate)

+10% Roll Rate or * 2°/sec.
Additionally, for those sim-
ulators of airplanes with re-
versible flight control sys-
tems: wheel force +10% or
+3Ib (1.3 daN).

Cruise, and Ap-

proach or Landing.

Record results for
normal wheel de-
flection (about
30%).
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(3) Roll Response to +10% or +2°/sec. roll rate ....... Approach or Land- X X Record from initi- | Yes.
Cockpit Roll Controller ing. ation of roll
Step Input. through 15 sec-
onds after control
is returned to neu-
tral and released.
After the roll rate
is established, the
controller is re-
turned to neutral
and the remaining
response is to be
“hands-off.”
(CCA: Testin
Normal and Non-
normal control
state).
(4) Spiral Stability ........... +2° Bank or £10% in 20 sec- | Cruise X X Record results for
onds. Bank must be in the both directions.
proper direction. Airplane data
averaged from
multiple tests may
be used. (CCA:
Test in Non-nor-
mal control state).
(5) Engine Inoperative +1° Rudder angle or +1° Tab | Second Segment X X May be Snapshot | ..o, Yes.
Trim. angle or equivalent pedal, Climb, and Ap- Tests.
+2° Sideslip angle. proach or Landing.
(6) Rudder Response ..... +2°/sec. or +10% Yaw Rate .... | Approach or Land- X X Record results for | ... Yes.
ing. stability aug-
mentation system
ON and OFF. A
rudder step input
of 20%—-30% rud-
der pedal throw is
used. (CCA: Test
in Normal and
Non-normal con-
trol state).
(7) Dutch Roll, (Yaw +0.5 sec. or +10% of period, | Cruise, and Ap- X X Record results for at | .....cccocevveiieeiieennen, Yes.
Damper OFF). +10% of time to %2 or dou- proach or Landing. least 6 cycles with
ble amplitude or +.02 of stability aug-
damping ratio, +20% or 1 mentation OFF.
sec. of time difference be- (CCA: Test in
tween peaks of bank and Non-normal con-
sideslip. trol state).
(8) Steady State Sideslip | For given rudder position +2° | Approach or Land- X X Propeller driven air- | ......cccocviiieniieiiennen, Yes.
Bank, +1° Sideslip, +10% or ing. planes must test
+2° Aileron, *10% or #5° in each direction.
Spoiler or equivalent wheel May be a series
position or force. Addition- of shapshot test
ally, for those simulators of results using at
airplanes  with  reversible least two rudder
flight control systems: Wheel positions.
force, +10% or +3 Ib (1.3
daN), and Rudder pedal
force, +10% or +5 Ib (2.2
daN).
e. Landings
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(1) Normal Landing ........ +3 Kts Airspeed, +1.5° Pitch, | Landing .........c......... X Record results from | Derotation may be Yes.
+1.5° Angle of Attack, +10% a minimum of 200 shown as a sepa-
or 10 ft (3 m) Altitude. Ad- ft (61 m) AGL to rate segment from
ditionally, for those simula- nose-wheel touch- the time of MLG
tors of airplanes with revers- down. Results touch down.
ible flight control systems: with medium,
Stick/Column Force +10% or light, and near
+5 Ibs (+2.2 daN). maximum landing
weights must be
shown. (CCA:
Test in Normal
and Non-normal
control state).
(2) Minimum/No Flap +3 Kts Airspeed, +1.5° Pitch, | Minimum Certified Record results from | Derotation may be
Landing. +1.5° Angle of Attack, +10% Landing Flap Con- a minimum of 200 shown as a sepa-
or £10 ft (3 m) Altitude. Ad- figuration. ft (61 m) AGL to rate segment from
ditionally, for those simula- nosewheel touch- the time of MLG
tors of airplanes with revers- down with air- touch down.
ible flight control systems: plane at near
Stick/Column Force, +10% Maximum Landing
or 5 Ibs 9/2.2 daN). Weight.
(3) Crosswind Landing ... | £3 Kts Airspeed, +1.5° Pitch, | Landing ..........c....... X Record results from | ., Yes.
+1.5° Angle of Attack, +10% a minimum of 200
or 10 ft (3 m) Altitude, +2° ft (61 m) AGL,
Bank Angle, *2° Sideslip through
Angle. Additionally, for those nosewheel touch
simulators of airplanes with down, to 50% of
reversible flight control sys- Vger speed. Use
tems: Wheel force, £10% or maximum dem-
+3 |b (1.3 daN) and Rudder onstrated cross-
pedal force, +10% or 5 Ib wind if available. If
(2.2 daN). not available use
20 kts.
(4) One Engine Inoper- +3 Kts Airspeed, +1.5° Pitch, | Landing ................... X Record results from | ... Yes.

ative Landing (Not re-
quired for Single-en-
gine airplanes.).

+1.5° Angle of Attack, +10%
Altitude or £10 ft (3 m), +2°
Bank Angle, *2° Sideslip
Angle.

a minimum of 200
ft (61 m) AGL,
through
nosewheel touch
down, to 50% of
Vger speed.

(5) Autoland (if applica- +5 ft (1.5 m) Flare Height, £0.5 | Landing ...................
ble). sec Ti, 140 ft/min (.7 m/
sec) Rate of Descent at
Touch-down, +10 ft (3 m)
Lateral Deviation from Max-
imum demonstrated cross-
wind (autoland) deviation.

Record Lateral Devi-
ation and continue
to Autopilot dis-
connect.

This test is not a
substitute for the
Ground Effects
test requirement.
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(6) Go Around ................

+3 Kts Airspeed, +1.5° Pitch,

+1.5° Angle of Attack.

Go Around ..............

X

Additionally, a Go
Around with an
engine inoperative
is required. This
test must be con-
ducted at near
maximum landing
weight and with
the critical engine
inoperative. (Not
required for sin-
gle-engine air-
planes.) A normal,
all-engines-oper-
ating, Go Around
with the autopilot
engaged must
also be dem-
onstrated (if appli-
cable) at medium
landing weight.
(CCA: Test in
Normal and Non-
normal control
state).

(7) Directional Control
(Rudder Effectiveness)
with symmetric reverse
thrust.

+2 deg/sec yaw rate ................

On Ground ..............

Record results from
a speed approxi-
mating touchdown
speed to the min-
imum thrust re-
verser operation
speed. Airplane
manufacturer’s
engineering simu-
lator data may be
considered as an
alternative. Yaw
control is applied
in both directions
until reaching min-
imum thrust re-
verser operation
speed.

(8) Directional Control
(Rudder Effectiveness)
with asymmetric re-
verse thrust.

5 KNOLS v

On Ground ..............

Maintain heading
with yaw control.
Record results
from a speed ap-
proximating touch-
down speed to a
speed at which
control of yaw
cannot be main-
tained. The toler-
ance applies to
this lower speed.
Airplane manufac-
turer's engineering
simulator data
may be consid-
ered as an alter-
native.

f. Ground Effect

Demonstrate Longitudinal
Ground Effect.

+1° Elevator or

Stabilizer
Angle, and +5% Net Thrust
or Equivalent, and +1° Angle
of Attack, and +10% Height/
Altitude or %5 ft (1.5 m), and
+3 Knots Airspeed, and +1°
Pitch Attitude.

Landing .......cccceennen.

The Ground Effect
model must be
validated by the
test selected and
a rationale must
be provided for
selecting the par-
ticular test.

The test selected for
validation is at the
option of the
sponsor. See
paragraph 6,
Ground Effect, in
this attachment for
additional informa-
tion.

Yes.
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QPS requirements

Test
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conditions

Simulator
level

B C

Test details

Information
notes

Para-
graph 8

g. Brake Fade

Demonstrate Decreased
Braking Efficiency Due
to Brake Temperature.

Takeoff or Landing ..

An SOC is required.
The demonstra-
tion must show
decreased braking
efficiency due to
brake tempera-
ture. Substan-
tiating data must
be provided.

h. Windshear

Demonstrate Windshear
Models.

See Attachment 6 ............c.......

Takeoff and Landing

Requires windshear
models that pro-
vide training in the
specific skills
needed to recog-
nize windshear
phenomena and
to execute recov-
ery procedures.
See Attachment 6
for tests, toler-
ances, and proce-
dures.

See Attachment 6
for information re-
lated to Level A
and B simulators.

i. Envelope Protection Functions

The requirements of tests i. (1) through (6), of this attachment are applicable to computer

controlled ai

sponse to control inputs during entry into envelope protection limits. Flight test data must be provided for both normal and non-normal control states.

irplanes only. Time history results are required for simulator re-

(1) Overspeed ................ +5 Kts Airspeed .......cccceeveenen. CruUiSe ...oovevriiiiieeis X X | (CCA: Test in Nor-
mal and Non-nor-
mal control state.).

(2) Minimum Speed ........ +3 Kts Airspeed .... Takeoff, Cruise, and X X | (CCA: Test in Nor-

Approach or mal and Non-nor-
Landing. mal control state.).

(3) Load Factor ............... +0.1g Normal Acceleration ...... Takeoff and Cruise X X | (CCA: Test in Nor-
mal and Non-nor-
mal control state.).

(4) Pitch Angle ................ +1.5° Pitch oo Cruise, and Go X X | (CCA: Test in Nor-

Around. mal and Non-nor-
mal control state.).

(5) Bank Angle ............... +2° or £10% Bank .........c.cce... Approach ................. X X | (CCA: Test in Nor-
mal and Non-nor-
mal control state.).

(6) Angle of Attack ......... +1.5° A0A .. Second Segment X X | (CCA: Test in Nor-

Climb, and Ap- mal and Non-nor-
proach or Landing. mal control state.).

3. Motion System

a. Minimum Excursion

1) Pitch ..o At least £40° ........cccceeveirieenns X An SOC is required

(2) Roll At least +40° X for 3.a.(1) through

(3) Yaw ... At least +45° * (6). (Applicable to

(4) Heave . At least 40 inches total move- X Initial evaluations

ment. X only.) The “*”in
At least 45 inches total move- * the Simulator
ment. Level column ap-
At least 50 inches total move- plies if this DOF is
ment. used..
At least +50° X X | An SOC is required
At least £50° .. X X for 3.a.(7) through
At least £50° ..... X X (12). (Applicable
to Initial evalua-
tions only.).
(10) Heave .......cccceevveennns At least 68 inches total move- | N/A .......cccooiiiiennnen, X X

ment.
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(11) SWaY ..eeveeeiieiiees At least 90 inches total move- | N/A ......ccooieniennnen. X X
ment.
(12) Surge ....coevvviiiinne, At least 68 inches total move- | N/A ......ccccoviieiens X X
ment.
b. Minimum Acceleration
(1) Pitch At least 80°/sec? X X An SOC is required
(2) Roll .. At least 80°/sec? ... X X for 3.b.(1) through
3) Yaw .... At least 80°/sec? * * (6). (Applicable to
(4) Heave ... At least 0.6g in each direction * X Initial evaluations
only.) The “*” in
the Simulator
Level column ap-
plies if this DOF is
used.
At least 0.6g in each direction | N/A X X
At least 0.6g in each direction * *
At least 100°/sec2 X X | An SOC is required
At least 100°/sec? . X X for 3.b.(7) through
At least 100°/sec? . X X (12). (Applicable
At least 0.8g in each direction | N/A . X X to Initial evalua-
............................................. tions only.).
At least 0.6g in each direction | N/A . X X
X X
c. Minimum Velocity
(1) Pitch At least 20°/sec ... N/A X X An SOC is required
(2) Roll At least 20°/sec . X X for 3.c.(1) through
(3) Yaw At least 20°/sec ... * * (6). (Applicable to
(4) Heave ... At least 20 in/sec * X Initial evaluations
(5) Sway .. At least 20 in/sec .. N/A X X only.) The “*” in
(6) Surge .... At least 20 in/sec N/A * * the Simulator
Level column ap-
plies if this DOF is
used.
(7) Pitch At least 20° ... X X | An SOC is required
(8) Rall ..... At least 20° . X X for 3.c.(7) through
9) Yaw .... At least 20° .... X X (12). (Applicable
(10) Heave At least 24/in sec X X to Initial evalua-
(11) Sway(12) Surge ...... At least 28/in sec X X tions only.).
At least 28/in sec X X
d. Frequency Response
Phase lag ......ccccooevreenn. Not to exceed 45° at 4 Hz ...... NIA i X X X X | A demonstration is
required and must
be made part of
the MQTG. linject
an acceleration
command into the
kinematic trans-
formation equa-
tions and meas-
uring the accel-
eration output of
the motion plat-
form. The re-
sponse bandwidth
must be deter-
mined in each ap-
plicable
translational de-
gree of freedom.
e. Motion Cue
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A B C D

Repeatability

.......................... X X X X

A demonstration is

required and must
be made part of
the MQTG. The
assessment pro-
cedures must be
designed to en-
sure that the mo-
tion system con-
tinues to perform
as originally quali-
fied. An example
demonstration is
described in para-
graph 7, Motion
Cue Repeatability.

4. Sound System [Reserved]

Begin Information

5. Control Dynamics

a. The characteristics of an airplane flight
control system have a major effect on the
handling qualities. A significant
consideration in pilot acceptability of an
airplane is the “feel”” provided through the
cockpit controls. Considerable effort is
expended on airplane feel system design in
order to deliver a system with which pilots
will be comfortable and consider the airplane
desirable to fly. In order for a simulator to be
representative, it too must present the pilot
with the proper feel; that of the respective
airplane. Aircraft control feel dynamics shall
duplicate the airplane simulated. This shall
be determined by comparing a recording of
the control feel dynamics of the simulator to
airplane measurements in the takeoff, cruise,
and landing configuration.

b. Recordings such as free response to an
impulse or step function are classically used
to estimate the dynamic properties of
electromechanical systems. In any case, it is
only possible to estimate the dynamic
properties as a result of only being able to
estimate true inputs and responses.
Therefore, it is imperative that the best
possible data be collected since close
matching of the simulator control loading
system to the airplane systems is essential.
The required control feel dynamic tests are
described in this attachment. This is usually
accomplished by measuring the free response
of the controls using a step or pulse input to
excite the system.

c. For airplanes with irreversible control
systems, measurements may be obtained on
the ground if proper pitot-static inputs are
provided to represent airspeeds typical of
those encountered in flight. Likewise, it may
be shown that for some airplanes, takeoff,
cruise, and landing configurations have like
effects. Thus, one may suffice for another. If
either or both considerations apply,
engineering validation or airplane
manufacturer rationale must be submitted as

justification for ground tests or for
eliminating a configuration.

(1) Control Dynamics Evaluations. The
dynamic properties of control systems are
often stated in terms of frequency, damping,
and a number of other classical
measurements which can be found in texts
on control systems. In order to establish a
consistent means of validating test results for
simulator control loading, criteria are needed
that will clearly define the interpretation of
the measurements and the tolerances to be
applied. Criteria are needed for both the
underdamped system and the overdamped
system, including the critically damped case.
In the case of an underdamped system with
very light damping, the system may be
quantified in terms of frequency and
damping. In critically damped or
overdamped systems, the frequency and
damping is not readily measured from a
response time history. Therefore, some other
measurement must be used.

(2) For Levels C and D Simulators. Tests to
verify that control feel dynamics represent
the airplane show that the dynamic damping
cycles (free response of the control) match
that of the airplane within the specified
tolerances. An acceptable method of
evaluating the response and the tolerance to
be applied are described below for the
underdamped and critically damped cases.

d. Tolerances. (1) Underdamped Response.
(a) Two measurements are required for the
period, the time to first zero crossing (in case
a rate limit is present) and the subsequent
frequency of oscillation. It is necessary to
measure cycles on an individual basis in case
there are nonuniform periods in the
response. Each period will be independently
compared to the respective period of the
airplane control system and, consequently,
will enjoy the full tolerance specified for that
period.

(b) The damping tolerance will be applied
to overshoots on an individual basis. Care
must be taken when applying the tolerance
to small overshoots since the significance of
such overshoots becomes questionable. Only

those overshoots larger than 5 percent of the
total initial displacement will be considered
significant. The residual band, labeled T(Aq)
on Figure 1 is #5 percent of the initial
displacement amplitude Aq from the steady
state value of the oscillation. Oscillations
within the residual band are considered
insignificant. When comparing simulator
data to airplane data, the process would
begin by overlaying or aligning the simulator
and airplane steady state values and then
comparing amplitudes of oscillation peaks,
the time of the first zero crossing, and
individual periods of oscillation. To be
satisfactory, the simulator would show the
same number of significant overshoots to
within one when compared against the
airplane data. This procedure for evaluating
the response is illustrated in Figure 1 of this
attachment.

(2) Critically Damped and Overdamped
Response. Due to the nature of critically
damped responses (no overshoots), the time
to reach 90 percent of the steady state
(neutral point) value would be the same as
the airplane within +10 percent. The
simulator response must be critically damped
also. Figure 2 illustrates the procedure.

(3)(a) The following summarizes the
tolerances, T, for an illustration of the
referenced measurements. (See Figures 1 and
2 of this attachment):

T(Po) £10% of Po

T(Pl) 120% Of P;L

T(A) £10% of A, #20% of Subsequent Peaks
T(Aq) 5% of Ag = Residual Band
Overshoots 1

(b) In the event the number of cycles
completed outside of the residual band, and
thereby significant, exceeds the number
depicted in figure 1 of this attachment, the
following tolerances (T) will apply:

T(Pn) #10(n+1)% of P, where “n” is the next
in sequence.

e. Alternative Method for Control
Dynamics. (1) An alternative means for
dealing with control dynamics applies to
airplanes with hydraulically powered flight
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controls and artificial feel systems. Instead of
free response measurements, the system
would be validated by measurements of
control force and rate of movement.

(2) For each axis of pitch, roll, and yaw,
the control shall be forced to its maximum
extreme position for the following distinct
rates. These tests would be conducted at
typical taxi, takeoff, cruise, and landing
conditions.

(a) Static Test—Slowly move the control
such that approximately 100 seconds are
required to achieve a full sweep. A full
sweep is defined as movement of the
controller from neutral to the stop, usually aft
or right stop, then through the neutral
position to the opposite stop, then to the
neutral position.

(b) Slow Dynamic Test—Achieve a full
sweep in approximately 10 seconds.

(c) Fast Dynamic Test—Achieve a full
sweep in approximately 4 seconds.

(Note: Dynamic sweeps may be limited to
forces not exceeding 100 1b.)

f. Tolerances.

(1) Static Test—Items 2.a.(1) (2) and (3) of
this attachment.

(2) Dynamic Test—2 lb. or 10 percent on
dynamic increment above static test.

g. The NPSM is open to alternative means
such as the one described above. Such
alternatives, however, would have to be
justified and found appropriate to the
application. For example, the method
described here may not apply to all
manufacturers’ systems and certainly not to
airplanes with reversible control systems.
Hence, each case must be considered on its
own merit on an ad hoc basis. If the NSPM
finds that alternative methods do not result
in satisfactory simulator performance, then
more conventionally accepted methods must
be used.

End Information

6. Ground Effect

Begin Information

a. During landing and takeoff, airplanes
operate close to the ground for brief time
intervals. The presence of the ground
significantly modifies the air flow past the
airplane and changes the aerodynamic
characteristics. The close proximity of the
ground imposes a barrier which inhibits the
downward flow normally associated with the
production of lift. The downwash is a
function of height with the effects usually
considered to be negligible above a height of
approximately one wingspan. There are three
main effects of the reduced downwash:

(1) A reduction in downwash angle at the
tail for a conventional configuration.

(2) An increase in both wing and tail lift
because of changes in the relationship of lift
coefficient to angle of attack (increase in lift
curve slope).

(3) A reduction in the induced drag.

b. Relative to out-of-ground effect flight (at
a given angle of attack), these effects result
in higher lift in ground effect and less power
required for level flight. Because of the
associated effects on stability, they also cause
significant changes in elevator (or stabilizer)
angle to trim and stick (column) forces
required to maintain a given lift coefficient
in level flight near the ground.

c. For a simulator to be used for takeoff and
in particularly landing credit, it must
faithfully reproduce the aerodynamic
changes which occur in ground effect. The
parameters chosen for simulator validation
must obviously be indicative of these
changes. The primary validation parameters
for longitudinal characteristics in ground
effect are:

(1) Elevator or stabilizer angle to trim.

(2) Power (thrust) required for level flight
(PLF).

(3) Angle of attack for a given lift
coefficient.

(4) Height/altitude.

(5)Airspeed.

d. The above list of parameters assumes
that ground effect data is acquired by tests
during “fly-bys” at several altitudes in and
out of ground effect. These test altitudes
would normally, as a minimum, be at 10
percent, 30 percent, and 70 percent of the
airplane wingspan and one altitude out of
ground effect; e.g., 150 percent of wingspan.
Level fly-bys are required for Level D; and,
while they are acceptable for all levels, they
are not required for Level C and Level B.

e. If, in lieu of the level fly-by method for
Levels B and C, other methods such as
shallow glidepath approaches to the ground
maintaining a chosen parameter constant are
proposed, then additional validation
parameters are important. For example, if
constant attitude shallow approaches are
chosen as the test maneuver, pitch attitude,
and flight path angle are additional necessary
validation parameters. The selection of the
test methods and procedures to validate
ground effect is at the option of the
organization performing the flight tests;
however, rationale must be provided to
conclude that the tests performed do indeed
validate the ground effect model.

f. Tolerances (longitudinal parameters) for
validation of ground effect characteristics are:

(1) Elevator or Stabilizer Angle +1°

(2) Power for Level Flight (PLF)+5%

(3) Angle of Attack +1°

(4) Altitude/Height #10% or 5 feet (1.5 m.)

(5) Airspeed +3 Knots

(6) Pitch Attitude +1°

g.The lateral-directional characteristics are
also altered by ground effect. Because of the

above-mentioned changes in lift curve slope,
roll damping, as an example, is affected. The
change in roll damping will affect other
dynamic modes usually evaluated for
simulator validation. In fact, Dutch-roll
dynamics, spiral stability, and roll-rate for a
given lateral control input are altered by
ground effect. Steady heading sideslips will
also be affected. These effects must be
accounted for in the simulator modeling.
Several tests such as “crosswind landing,”
“one engine inoperative landing,” and
“engine failure on takeoff” serve to validate
lateral-directional ground effect since
portions of them are accomplished while
transiting altitudes at which ground effect is
an important factor.

End Information

7. Motion Cue Repeatability

Begin Information

a. The motion system characteristics in the
Table of Objective Tests address basic system
capability, but not pilot cueing capability.
Until there is an objective procedure for
determination of the motion cues necessary
to support pilot tasks and stimulate the pilot
response which occurs in an airplane for the
same tasks, motion systems will continue to
be “tuned” subjectively. Having tuned a
motion system, however, it is important to
involve a test to ensure that the system
continues to perform as originally qualified.
Any motion performance change from the
initially qualified baseline can be measured
objectively.

b. An objective assessment of motion
performance change is accomplished at lease
annually using the following testing
procedure:

(1) The current performance of the motion
system is assessed by comparison with the
initial recorded test data.

(2) The parameters to be recorded are the
outputs of the motion drive algorithms and
the jack position transducers.

(3) The test input signals are inserted at an
appropriate point prior to the integrations in
the equations of motion (see figure 3 of this
attachment).

(4) The characteristics of the test signal (see
figure 4) are adjusted to ensure that the
motion is exercised through approximately
%3 of the maximum displacement capability
in each axis. The time segment To—T1, must
be of sufficient duration to ensure steady
initial conditions.

End Information

BILLING CODE 4910-13-P
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Ad P= Period
A= Amptitude
T{Pj= Tolerance
) applied to Period
! T{A)= Tolerance
applied to Amptitude
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ATTACHMENT 2 TO APPENDIX A TO PART 60—

FIGURE 1. UNDER-DAMPED STEP RESPONSE
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30% of Ad

0.10f Ad —

Displacement
Vs
Time

ATTACHMENT 2 TO APPENDIX A TO PART 60—

FIGURE 2. CRITICALLY-DAMPED STEP RESPONSE
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ATTACHMENT 2 TO APPENDIX A TO PART 60—

FIGURE 3. ACCELERATION TEST SIGNALS

Forces and
Moments

Motion

. Motion
Equations of Drive
Motion Algorithm

Hardware

Note to Figure 3: If the simulator weight
changes for any reason (i.e., visual change, or

structural change), then the motion system
baseline performance repeatability tests must

be rerun and the new results used for future
comparison.

ATTACHMENT 2 TO APPENDIX A TO PART 60—

Acceleration

FIGURE 4, ACCELERATION TEST SIGNAL

BILLING CODE 4910-13-C

Note to Figure 4: If the simulator weight
changes for any reason (i.e., visual change, or
structural change), then the motion system
baseline performance repeatability tests must
be rerun and the new results used for future
comparison.

8. Alternative Data Sources, Procedures, and
Instrumentation: Level A and Level B
Simulators Only

Begin Information

a. In recent years, considerable progress
has been made by highly experienced aircraft
and simulator manufacturers in improvement
of aerodynamic modeling techniques. In
conjunction with increased accessibility to

time

PR NN W
) oee [ e e e oo

very high powered computer technology,
these techniques have become quite
sophisticated. Additionally, those who have
demonstrated success in combining these
modeling techniques with minimal flight
testing have incorporated the use of highly
mature flight controls models and have had
extensive experience in comparing the
output of their effort with actual flight test
data—and they have been able to do so on
an iterative basis over a period of years.

b. It has become standard practice for
experienced simulator manufacturers to use
such techniques as a means of establishing
data bases for new simulator configurations
while awaiting the availability of actual flight
test data; and then comparing this new data
with the newly available flight test data. The
results of such comparisons have, as reported

by some recognized and experienced
simulation experts, become increasingly
consistent and indicate that these techniques,
applied with appropriate experience, are
becoming dependably accurate for the
development of aerodynamic models for use
in Level A and Level B simulators.

¢. In reviewing this history, the NSPM has
concluded that, with proper care, those who
are experienced in the development of
aerodynamic models for simulator
application can successfully use these
modeling techniques to acceptably alter the
method by which flight test data may be
acquired and, when applied to Level A or
Level B simulators, does not compromise the
quality of that simulation.

d. The information in the table that follows
(Table of Alternative Data Sources,
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Procedures, and Information) is presented to
describe an acceptable alternative to data
sources for simulator modeling and
validation and as an acceptable alternative to
the procedures and instrumentation found in
the traditionally accepted flight test methods
used to gather such modeling and validation
data.

(1) Alternative data sources which may be
used for part or all of a data requirement are
the Airplane Maintenance Manual, the
Airplane Flight Manual (AFM), Airplane
Design Data, the Type Inspection Report
(TIR), Certification Data or acceptable
supplemental flight test data.

(2) The NSPM recommends that use of the
alternative instrumentation noted in the
following Table be coordinated with the
NSPM prior to employment in a flight test or
data gathering effort.

e. The NSPM position regarding the use of
these alternative data sources, procedures,
and instrumentation is based on three
primary preconditions and presumptions
regarding the objective data and simulator
aerodynamic program modeling.

(1) While the data gathered through the
alternative means does not require angle of
attack (AOA) measurements or control
surface position measurements for any flight
test, AOA can be sufficiently derived if the
flight test program insures the collection of
acceptable level, unaccelerated, trimmed
flight data. All of the simulator time history
tests that begin in level, unaccelerated, and
trimmed flight, including the three basic trim
tests and “fly-by” trims, can be a successful
validation of angle of attack by comparison
with flight test pitch angle. (Note: Due to the
criticality of angle of attack in the
development of the ground effects model,
particularly critical for normal landings and
landings involving cross-control input
applicable to Level B simulators, stable “fly-
by” trim data will be the acceptable norm for
normal and cross-control input landing
objective data for these applications.)

(2) A rigorously defined and fully mature
simulation controls system model that
includes accurate gearing and cable stretch
characteristics (where applicable),
determined from actual aircraft
measurements, will be used. Such a model

does not require control surface position
measurements in the flight test objective data
in these limited applications.

(3) The authorized uses of Level A and
Level B simulators (as listed in the
appropriate Commercial, Instrument, or
Airline Transport Pilot and/or Type Rating
Practical Test Standards) for ““initial,”
“transition,” or ‘“‘upgrade” training, still
requires additional flight training and/or
flight testing/checking in the airplane or in
a Level C or Level D simulator.

f. The sponsor is urged to contact the
NSPM for clarification of any issue regarding
airplanes with reversible control systems.
This table is not applicable to Computer
Controlled Aircraft flight simulators.

g. Utilization of these alternate data
sources, procedures, and instrumentation
does not relieve the sponsor from compliance
with the balance of the information
contained in this document relative to Level
A or Level B flight simulators.

End Information

TABLE OF ALTERNATIVE DATA SOURCES, PROCEDURES, AND INSTRUMENTATION INFORMATION

- Sim level ;
Table of objective test—test reference Aternative data sources, procedures, and :
number and title A B instrumentation Notes and reminders
2.a.(1) Performance. Taxi. Minimum Ra- | X X | TIR, AFM, or Design data may be used.

dius turn.

2.a.(2) Performance. Taxi Rate of Turn
vs. Nosewheel Steering Angle.

X Data may be acquired by using a con-

A single procedure may not be adequate

stant tiller position, measured with a
protractor or full rudder pedal applica-
tion for steady state turn, and syn-
chronized video of heading indicator. If

for all airplane steering systems, there-
fore appropriate measurement proce-
dures must be devised and proposed
for NSPM concurrence.

less than full rudder pedal is used,
pedal position must be recorded.

2.b.(1) Performance. Takeoff. Ground Ac- X X Preliminary certification data may be

celeration Time and Distance. used. Data may be acquired by using a
stop watch, calibrated airspeed, and
runway markers during a takeoff with
power set before brake release. Power
settings may be hand recorded. If an
inertial measurement system is in-
stalled, speed and distance may be de-
rived from acceleration measurements.

2.b.(2) Performance. Takeoff. Minimum X X Data may be acquired by using an inertial | Rapid throttle reductions at speeds near
Control Speed—Ground (Vmeg) USINg measurement system and a syn- Vmeg May be used while recording ap-
aerodynamic controls only (per applica- chronized video of: the calibrated air- propriate parameters. The nose wheel
ble Airworthiness Standard) or Low plane instruments and the force/posi- must be free to caster, or equivalently
Speed, Engine Inoperative Ground tion measurements of cockpit controls. freed of sideforce generation.

Control Characteristics.
2.b.(4) Performance. Takeoff. Normal X X Data may be acquired by using an inertial
Takeoff. measurement system and a syn-
chronized video of: the calibrated air-
plane instruments and the force/posi-
tion measurements of cockpit controls.
AOA can be calculated from pitch atti-
tude and flight path.
2.b.(5) Performance. Takeoff. Critical En- | X X Data may be acquired by using an inertial | Record airplane dynamic response to en-

gine Failure during Takeoff.

measurement system and a syn-
chronized video of: the calibrated air-
plane instruments and the force/posi-
tion measurements of cockpit controls.

gine failure and control inputs required
to correct flight path.
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TABLE OF ALTERNATIVE DATA SOURCES, PROCEDURES, AND INSTRUMENTATION INFORMATION—Continued

T~ Sim level :
Table of objective test—test reference Aternative data sources, procedures, and .
rJ1umber and title A B instrumentat?on Notes and reminders

2.b.(6) Performance. Takeoff. Crosswind X X Data may be acquired by using an inertial | The “1:7 law” to 100 feet (30 meters) is
Takeoff. measurement system and a syn- an acceptable wind profile.

chronized video of: the calibrated air-
plane instruments and the force/posi-
tion measurements of cockpit controls.

2.b.(7) Performance. Takeoff. Rejected | X X Data may be acquired with a syn-
Takeoff. chronized video of: Calibrated airplane

instruments, thrust lever position, en-
gine parameters, and distance (e.g.,
runway markers). A stop watch is re-
quired.
2.c.(1) Performance. Climb. Normal X X Data may be acquired with a syn-
Climb. chronized video of: calibrated airplane
instruments and engine power through-
out the climb range.

2.c.(2) Performance. Climb. One engine X X Data may be acquired with a syn-

Inoperative Second Segment Climb. chronized video of: calibrated airplane
instruments and engine power through-
out the climb range.

2.c.(4) Performance. Climb. One Engine | X X Data may be acquired with a syn-
Inoperative Approach Climb (if Ap- chronized video of: calibrated airplane
proved AFM requires specific perform- instruments and engine power through-
ance in icing conditions). out the climb range.

2.e.(1) Performance. Ground. Decelera- X X Data may be acquired during landing
tion Time and Distance, using manual tests using a stop watch, runway mark-
application of wheel brakes and no re- ers, and a synchronized video of: cali-
verse thrust. brated airplane instruments, thrust

lever position and the pertinent param-
eters of engine power.

2.e.(2) Performance. Ground. Decelera- | X X Data may be acquired during landing
tion Time and Distance, using reverse tests using a stop watch, runway mark-
thrust and no wheel brakes. ers, and a synchronized video of: cali-

brated airplane instruments, thrust
lever position and the pertinent param-
eters of engine power.

2.f.(1) Performance. Engines. Accelera- X X Data may be acquired with a syn-
tion. chronized video recording of: engine in-

struments and throttle position.

2.f.(2) Performance. Engines. Decelera- X X Data may be acquired with a syn-
tion. chronized video recording of: engine in-

struments and throttle position.

3.a.(1) Handling Qualities. Static Control X X Surface position data may be acquired
Checks. Column Position vs. Force and from flight data recorder (FDR) sensor
Surface Position Calibration. or, if no FDR sensor, at selected, sig-

nificant column positions (encom-
passing significant column position
data points), acceptable to the NSPM,
using a control surface protractor on
the ground with winds less than 5 kits.
Force data may be acquired by using a
hand held force gauge at the same col-
umn position data points.
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3.a.(2) Handling Qualities. Static Control X X Surface position data may be acquired
Checks. Wheel Position vs. Force and from flight data recorder (FDR) sensor
Surface Position Calibration. or, if no FDR sensor, at selected, sig-

nificant wheel positions (encompassing
significant wheel position data points),
acceptable to the NSPM, using a con-
trol surface protractor on the ground
with winds less than 5 kts. Force data
may be acquired by using a hand held
force gauge at the same wheel position
data points.

3.a.(3) Handling Qualities. Static Control X X | Surface position data may be acquired
Checks. Rudder Pedal Position vs. from flight data recorder (FDR) sensor
Force and Surface Position Calibration. or, if no FDR sensor, at selected, sig-

nificant rudder pedal positions (encom-
passing significant rudder pedal posi-
tion data points), acceptable to the
NSPM, using a control surface pro-
tractor on the ground with winds less
than 5 kts. Force data may be acquired
by using a hand held force gauge at
the same rudder pedal position data
points.

3.a.(4) Handling Qualities. Static Control X X Breakout data may be acquired with a
Checks. Nosewheel Steering Force & hand held force gauge. The remainder
Position. of the force to the stops may be cal-

culated if the force gauge and a pro-
tractor are used to measure force after
breakout for at least 25% of the total
displacement capability.

3.a.(5) Handling Qualities. Static Control X X Data may be acquired through the use of
Checks. Rudder Pedal Steering Cali- force pads on the rudder pedals and a
bration. pedal position measurement device, to-

gether with design data for nose wheel
position.

3.a.(6) Handling Qualities. Static Control X X Data may be acquired through calcula-
Checks. Pitch Trim Calibration (Indi- tions.
cator vs. Computed) and Rate.

3.a.(7) Handling Qualities. Static Control X X Data may be acquired through the use of
Checks. Alignment of Power Lever a temporary throttle quadrant scale to
Angle vs Selected Engine Parameter document throttle position. Use a syn-
(e.g., EPR, N1, Torque, etc.). chronized video to record steady state

instrument readings or hand-record
steady state engine performance read-
ings.

3.a.(8) Handling Qualities. Static Control X X Use of design or predicted data is ac-
Checks. Brake Pedal Position vs. Force ceptable. Data may be acquired by
and Brake System Pressure. measuring deflection at “zero” and

“maximum” and calculating deflections
between the extremes using the air-
plane design data curve.

3.c.(1) Handling Qualities. Longitudinal. X X Data may be acquired by using an inertial
Power Change Dynamics. measurement system and a syn-

chronized video of: the calibrated air-
plane instruments and throttle position.

3.c.(2) Handling Qualities. Longitudinal. X X Data may be acquired by using an inertial
Flap/Slat Change Dynamics. measurement system and a syn-

chronized video of: calibrated airplane
instruments and flap/slat position.
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3.c.(3) Handling Qualities. Longitudinal. X X Data may be acquired by using an inertial
Spoiler/Speedbrake Change. measurement system and a syn-

chronized video of: the calibrated air-
plane instruments and  spoiler/
speedbrake position.

3.c.(4) Handling Qualities. Longitudinal. X X Data may be acquired by using an inertial
Gear Change Dynamics. measurement system and a syn-

chronized video of: the calibrated air-
plane instruments and gear position.

3.c.(5) Handling Qualities. Longitudinal. X X May use design data, production flight
Alternate Landing Gear and Alternate test schedule, or maintenance speci-
Flap/Slat Operating Times. fication, together with an SOC.

3.c.(6) Handling Qualities. Longitudinal. X X Data may be acquired through use of an
Longitudinal Trim. inertial measurement system and a

synchronized video of: the cockpit con-
trols position (previously calibrated to
show related surface position) and the
engine instrument readings.

3.c.(7) Handling Qualities. Longitudinal. X X Data may be acquired through the use of
Longitudinal  Maneuvering  Stability an inertial measurement system and a
(Stick Forcelqg). synchronized video of: the calibrated

airplane instruments; a temporary, high
resolution bank angle scale affixed to
the attitude indicator; and column force
measurement indication.

3.c.(8) Handling Qualities. Longitudinal. X X Data may be acquired through the use of
Longitudinal Static Stability. a synchronized video of: the airplane

flight instruments and a hand held
force gauge.

3.c.(9) Handling Qualities. Longitudinal. X X Data may be acquired through a syn-
Stick Shaker, Airframe Buffet, Stall chronized video recording of: a stop
Speeds. watch and the calibrated airplane air-

speed indicator. Hand-record the flight
conditions and airplane configuration—
Airspeeds may be cross checked with
those in the TIR and AFM.

3.c.(10) Handling Qualities. Longitudinal. X X Data may be acquired by using an inertial
Phugoid Dynamics. measurement system and a syn-

chronized video of: the calibrated
airplaine instruments and the force/po-
sition measurements of cockpit controls.

3.c.(11) Handling Qualities. Longitudinal. X X Data may be acquired by using an inertial
Short Period Dynamics. measurement system and a syn-

chronized video of: the calibrated air-
plane instruments and the force/posi-
tion measurements of cockpit controls.

3.d.(1) Handling Qualities. Lateral Direc- X X Data may be acquired by using an inertial
tional. Minimum Control Speed, Air measurement system and a syn-
(Vmca), per Applicable Airworthiness chronized video of: the calibrated air-
Standard or Low Speed Engine. Inop- plane instruments and the force/posi-
erative Handling Characteristics in Air. tion measurements of cockpit controls.

3.d.(3) Handling Qualities. Lateral Direc- X X Data may be acquired by using an inertial
tional. Roll Response to Cockpit Roll measurement system and a syn-
Controller Step Input. chronized video of: the calibrated air-

plane instruments and the force/posi-
tion measurements of cockpit controls.
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3.d.(4) Handling Qualities. Lateral Direc-
tional. Spiral Stability.

X

X

Data may be acquired by using an inertial
measurement system and a syn-
chronized video of: the calibrated air-
plane instruments; the force/position
measurements of cockpit controls; and
a stop watch.

3.d.(5) Handling Qualities. Lateral Direc-
tional. Engine Inoperative Trim.

Data may be hand recorded in-flight
using high resolution scales affixed to
trim controls that have been calibrated
on the ground using protractors on the
control/trim surfaces with winds less
than 5 kts OR Data may be acquired
during second segment climb (with
proper pilot control input for an engine-
out condition) by using a synchronized
video of: the calibrated airplane instru-
ments; and the fore/position measure-
ments of cockpit controls.

Trimming during second segment climb is
not a certification task and should not
be conducted until a safe altitude is

reached.

3.d.(6) Handling Qualities. Lateral Direc-
tional. Rudder Response.

Data may be acquired by using an inertial
measurement system and a syn-
chronized video of: the calibrated air-
plane instruments; the force/position
measurements of rudder pedals.

3.d.(7) Handing Qualities. Lateral Direc-
tional. Dutch Roll, (Yaw Damper OFF).

Data may be acquired by using an inertial
measurement system and a syn-
chronized video of: a calibrated air-
plane instruments; the force/position
measurements of cockpit controls.

3.d.(8) Handling Qualities. Laterial Direc-
tional. Steady State Sideslip.

Data may be acquired by using an inertial
measurement system and a syn-
chronized video of: the calibrated air-
plane instruments; the force/position
measurements of cockpit controls.
Ground track and wind corrected head-
ing may be used for sideslip angle.

3.e.(1) Handling Qualities. Landings Nor-
mal Landing.

Data may be acquired by using an inertial
measurement system and a syn-
chronized video of: the calibrated air-
plane instruments; the force/position
measurements of cockpit controls.

3.e.(3) Handling Qualiies.
Crosswind Landing.

Landings.

Data may be acquired by using an inertial
measurement system and a syn-
chronized video of: the calibrated air-
plane instruments; the force/position
measurements of cockpit controls.

3.e.(4) Handling Qualities. Landings. One
Engine Inoperative Landing (Not re-
quired for Single-engine airplanes.).

Data may be acquired by using an inertial
measurement system and a syn-
chronized video of: the calibrated air-
plane instruments; the force/position
measurements of cockpit controls. Nor-
mal and laterial acceleration may be
recorded in lieu of AOA and sideslip.

3.f. Handling Qualities. Ground Effect.
Demonstrate Longitudinal Ground Ef-
fect.

Data may be acquired by using an cali-
brated airplane instruments, an inertial
measurement system, and a syn-
chronized video of: the calibrated air-
plane instruments; the force/position
measurements of cockpit controls.
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Attachment 3 to Appendix A to Part 60—
Simulator Subjective Tests

1. Discussion

Begin Information

a. The subjective tests provide a basis for
evaluating the capability of the simulator to
perform over a typical utilization period;
determining that the simulator satisfactorily
meets the appropriate training/testing/
checking objectives and competently
simulates each required maneuver,
procedure, or task; and verifying correct
operation of the simulator controls,
instruments, and systems. The items in the
list of operations tasks are for simulator
evaluation purposes only. They must not be
used to limit or exceed the authorizations for
use of a given level of simulator as found in
the Pilot Qualification Performance
Standards or as may be approved by the
TPAA. All items in the following paragraphs
are subject to an examination of function.

b. The List of Operations Tasks in
paragraph 2 of this attachment addresses
pilot functions, including maneuvers and
procedures (called flight tasks), and is
divided by flight phases. The performance of
these tasks by the NSPM includes an
operational examination of the visual system
and special effects. There are flight tasks
included to address some features of
advanced technology airplanes and
innovative training programs. For example,
“high angle-of-attack maneuvering” is
included to provide a required alternative to
“approach to stalls” for airplanes employing
flight envelope protection functions.

¢. The List of Simulator Systems in
paragraph 3 of this attachment addresses the
overall function and control of the simulator
including the various simulated
environmental conditions; simulated
airplane system operation (normal, abnormal,
and emergency); visual system displays; and
special effects necessary to meet flightcrew
training, evaluation, or flight experience
requirements.

d. All simulated airplane systems functions
will be assessed for normal and, where
appropriate, alternate operations. Normal,
abnormal, and emergency operations
associated with a flight phase will be
assessed during the evaluation of flight tasks
or events within that flight phase. Simulated
airplane systems are listed separately under
“Any Flight Phase” to ensure appropriate
attention to systems checks. Operational
navigation systems (including inertial
navigation systems, global positioning
systems, or other long-range systems) and the
associated electronic display systems will be
evaluated if installed. The NSP pilot will
include in his report to the TPAA, the effect
of the system operation and any system
limitation.

e. Simulators demonstrating a satisfactory
circling approach will be recommended for
approval for the circling approach maneuver
as determined by the TPAA in the sponsor’s
FAA-approved flight training program. To be
considered satisfactory here, the circling
approach will be flown at maximum gross
weight for landing, with minimum visibility,

and must allow proper alignment with a
landing runway at least 90° different from the
instrument approach course while allowing
the pilot to keep an identifiable portion of the
airport in sight throughout the maneuver
(reference—14CFR, § 91.175(e)).

f. At the request of the TPAA, the NSP
Pilot may assess the simulator for a special
aspect of a sponsor’s training program during
the functions and subjective portion of an
evaluation. Such an assessment may include
a portion of a Line Oriented Flight Training
(LOFT) scenario or special emphasis items in
the sponsor’s training program. Unless
directly related to a requirement for the
qualification level, the results of such an
evaluation would not affect the qualification
of the simulator.

End Information

2. List of Operations Tasks

Begin QPS Requirements

The NSPM will evaluate the simulator in
the following Operations Tasks, as applicable
to the airplane and simulator level, using the
sponsor’s approved manuals and checklists.

a. Preparation for Flight

Preflight. Accomplish a functions check of
all installed switches, indicators, systems,
and equipment at all crewmembers’ and
instructors’ stations, and determine that the
cockpit design and functions replicate the
appropriate airplane.

b. Surface Operations (Pre-Takeoff)

(1) Engine start.
(a) Normal start.
(b) Alternate start operations.
(c) Abnormal starts and shutdowns (hot
start, hung start, etc.).
(2) Pushback / Powerback.
3) Taxi
a) Thrust response.
) Power lever friction.
) Ground handling.
) Nosewheel scuffing.
e) Brake operation (normal and alternate/
emergency).
(f) Ground hazard.
(g) Surface Movement and Guidance
System (SMGS).
(h) Other.

c. Takeoff

(1) Normal. (Day, Night, Dusk (or Twilight))
(a) Propulsion system checks (e.g., engine
parameter relationships; propeller and
mixture controls).
(b) Airplane acceleration characteristics.
(c) Nosewheel and rudder steering.
(d) Crosswind (maximum demonstrated).
(e) Special performance.
(f) Lowest visibility takeoff.
(g) Landing gear, wing flap, leading edge
device operation.
(h) Other.
(2) Abnormal/Emergency.
(a) Rejected, with brake fade (if applicable)
due to rising brake temperature.
(b) Rejected, special performance.
(c) With propulsion system malfunction:
(i) Prior to V3 (decision) speed.

(ii) Between V; and V; (rotation speed).

(iii) Between V, and 500 feet above ground
level.

(d) Flight control system failure modes.

(e) Other.

d. Inflight Operation

(1) Climb.

(a) Normal.

(b) One engine inoperative operations.

(c) Other.

(2) Cruise.

(a) Performance characteristics (speed vs.
power).

(b) Normal turns and turns with/without
spoilers (speed brake) deployed.

(c) High altitude handling.

(d) High indicated airspeed handling, over-
speed warning.

(e) Mach effects on control and trim.

(f) Normal and steep turns.

(g) Performance turns.

(h) Approach to stalls in the following
configurations:

(i) Cruise;

(ii) Takeoff or approach; and

(iii) Landing.

(a) High angle of attack maneuvers in the
following configurations:

(i) Cruise;

(ii) Takeoff or approach; and

(iii) Landing.

(j) Inflight engine shutdown.

(k) Inflight engine restart.

(1) Maneuvering with one or more engines
inoperative, as applicable.

(m) Slow flight.

(n) Specific flight characteristics.

(o) Manual flight control reversion (i.e.,
loss of all flight control power).

(p) Other flight control system failure
modes.

(q) Holding.

(r) Airborne hazard.

(s) Operations during icing conditions.

(t) Upset / disturbance recovery.

(u) Unusual attitude recovery.

(v) Traffic alert and collision avoidance.

(w) Effects of airframe icing.

(x) Other.

(3) Descent.

(a) Normal.

(b) Maximum rate (clean, with speedbrake
extended, etc.) and recovery.

(c) Flight Control System Failure Modes
(e.g., manual flight control reversion;
split controls, etc.).

(d) High rate of sink and recovery.

(a) Other.

e. Approaches

(1) Instrument Approach Maneuvers.

(a) Non-precision:

(i) Non-Directional Beacon (NDB).

(ii) VHF Omni-Range (VOR), Area
Navigation (RNAV), Tactical Air
Navigation (TACAN).

(iii) Distance Measuring Equipment, Arc
(DME ARQ).

(iv) ILS Localizer Back Course (LOC/BC).

(v) Localizer Directional Aid (LDA), ILS
Front Course Localizer (LOC), Simplified
Direction Facility (SDF).

(vi) Airport Surveillance Radar (ASR).

(vii) Global Positioning System (GPS).

(viii) With one engine inoperative.
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(ix) Missed approach.

(b) Precision:

(i) Instrument Landing System (ILS)

A Category I published:

1. Manually controlled with and without
flight director to 100 feet below
published decision height.

. With maximum demonstrated
crosswind.

. With windshear.

. One engine inoperative.

. Category II published:

. With and without use of autopilot,

[

- g w

autothrottle, and autoland, as applicable.

. One engine inoperative.

. Category III published:

. With minimum/standby electrical
power.

2. With generator/alternator failure
(transient).

. With 10 knot tail wind.

. With 10 knot crosswind.

. Rollout.

One engine inoperative.

D. Missed approach.

1. All engines operating.

2. One engine inoperative.

(ii) Precision Approach Radar (PAR)

A. Normal.

B. With crosswind.

C. With one engine inoperative.

D. Missed approach.

(iii) Digital Global Positioning System
(DGPS)

A. Normal.

B. With crosswind.

C. With one engine inoperative.

D. Missed approach.

(iv) Microwave landing system (MLS).

A. Normal.

B. With crosswind.

C. With one engine inoperative.

D. Missed approach.

(v) Steep Glide Path.

A. Normal.

B. With crosswind.

C. With one engine inoperative.

D. Missed approach.

(2) Visual Approach Maneuvers.

(a) Abnormal wing flaps/slats.

(b) Without glide slope guidance or visual
vertical flightpath aid.

(3) Abnormal/emergency.

(a) With one engine inoperative.

(b) With standby (or minimum) electric/
hydraulic power.

(c) With longitudinal trim malfunction.

(d) With jammed or mis-trimmed
horizontal stabilizer.

(e) With lateral-directional trim
malfunction.

(f) With worst case failure of flight control
system (most significant degradation of
the computer controlled airplane which
is not extremely improbable).

(g) Other flight control system failure
modes as dictated by training program.

(h) Land and hold short operations.

(i) Other.

f. Missed Approach

(1) Manual.
(2) Automatic (if applicable).

=N

[

g. Visual Segment and Landing

(1) Normal (Night visual scene for Level A
and Level B simulators; Night and Dusk

(or Twilight) visual scenes for Level C
simulators; and Night, Dusk (or
Twilight), and Daylight visual scenes for
Level D simulators.)

a) From visual traffic pattern.

b) From non-precision approach.

¢) From precision approach.

d) With maximum demonstrated
crosswind.

(e) From circling approach.

(2) Abnormal/emergency.

(a) With engine(s) inoperative—

(i) For 2-engine airplanes, one engine
inoperative.

(ii) For 3-engine airplanes, one wing-
mounted and the center engine
inoperative.

(iii) For other multi-engine airplanes, a
50% power loss on one side of the
airplane.

(b) Rejected landing.

(c) With standby (or minimum) electric/
hydraulic power.

(d) With longitudinal trim malfunction

(e) With jammed or mis-trimmed
horizontal stabilizer.

(f) With lateral-directional trim
malfunction.

(g) With worst case failure of flight control
system (most significant degradation of
the computer controlled airplane which
is not extremely improbable).

(h) Other flight control system failure
modes as dictated by training program.

(i) Land and hold short operations.

(j) Other.

h. Windshear

1) Takeoff.
Climb.
Approach.

(
(
(
(

(2
(3

urface Operations (Post Landing)

Spoiler operation.

Reverse thrust operation.

Wheel brake operation.

Ground hazard.

Surface Movement and Guidance System
(SMGS).

(7) Other.

J. Any Flight Phase

(1) Air conditioning.
(2) Anti-icing/deicing.

(3) Auxiliary powerplant.
(4) Communications.

(5) Electrical.
(6)
(7)
(8)

(1)
)
)
S
) Landing roll.
)
)
)
)
)

i
(1
(2
(3
(4
(5
(6

Fire detection and suppression.

Flaps/Slats.

Flight controls (including spoiler/
speedbrake).

Fuel and oil.

) Hydraulic.

) Landing gear.

) Oxygen.

) Pneumatic.

) Propulsion System.

) Pressurization.

) Flight management and guidance

systems.

7) Automatic landing aids.

8) Automatic pilot.

9) Thrust management/auto-throttle.

0) Flight data displays.

1) Flight management computers.

2) Flight director/system displays.

) Flight Instruments.

) Heads-up flight guidance system.

) Navigation systems.

) Weather radar system.

) Stall warning/avoidance.

) Stability and control augmentation.
) ACARS.

)

k. Engine Shutdown and Parking
(

1) Systems operation.
(2) Parking brake operation.

3. List of Simulator Systems

a. Instructor Operating Station (IOS)

(1) Power switch(es).
(2) Airplane conditions.
(a) Gross weight, center of gravity, fuel
loading and allocation, efc.
(b) Airplane systems status.
(c) Ground crew functions (e.g., external
power connections, push back, etc.)
(d) Other.
(3) Airports.
(a) Number and selection.
(b) Runway selection.
(c) Runway surface condition (e.g., rough,
smooth, icy, wet, dry, etc.)
(d) Preset positions (e.g. ramp, gate, #1 for
takeoff, takeoff position, over FAF, etc.)
(e) Lighting controls.
(f) Other.
Environmental controls.
) Clouds (base and tops).

b) Visibility (statute miles (kilometers)).
) Runway visual range (in feet (meters)).
)

)

(4

Temperature.
e) Climate conditions (e.g., ice, snow, rain,
etc.).
(f) Wind speed and direction.
(g) Windshear.
(h) Other.
(5) Airplane system malfunctions.
(a) Insertion/deletion.
(b) Problem clear.
(c) Other
(6) Locks, Freezes, and repositioning.
(
(
(

)
(a
(
(c
(d
(

a) Problem (all) freeze/release.
b) Position (geographic) freeze/release.
c) Repositioning (locations, freezes, and
releases).
(d) Two times or one-half ground speed
control.
(e) Other
(7) Remote IOS.
(8) Other.

b. Sound Controls—On/Off/Rheostat

c¢. Motion/Control Loading System

(1) On/off/emergency stop.

(2) Crosstalk (motion response in a given
degree of freedom not perceptible in
other degrees of freedom).

(3) Smoothness (no perceptible “turn-around
bump” as the direction of motion
reverses with the simulator being
“flown”” normally).

d. Observer Stations

(1) Position.
(2) Adjustments.
(3) Positive seat restraint system.

End QPS Requirements
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Attachment 4 to Appendix A to Part 60—
Definitions and Abbreviations

1. Definitions

Begin Regulatory Language (14 CFR Part 1
and §60.3)

(From Part 1—Definitions)

Flight simulation device (FSD) means a
flight simulator or a flight training device.

Flight simulator means a full size replica
of a specific type or make, model, and series
aircraft cockpit. It includes the assemblage of
equipment and computer programs necessary
to represent the aircraft in ground and flight
operations, a visual system providing an out-
of-the-cockpit view, a system that provides
cues at least equivalent to those of a three-
degree-of-freedom motion system, and having
the full range of capabilities of the systems
installed in the device as described in part
60 of this chapter and the qualification
performance standards (QPS) for a specific
qualification level.

Flight training device (FTD) means a full
size replica of aircraft instruments,
equipment, panels, and controls in an open
flight deck area or an enclosed aircraft
cockpit replica. It includes the equipment
and computer programs necessary to
represent the aircraft or set of aircraft in
ground and flight conditions having the full
range of capabilities of the systems installed
in the device as described in part 60 of this
part and the qualification performance
standard (QPS) for a specific qualification
level.

(From Part 60—Definitions)

Certificate holder. A person issued a
certificate under parts 119, 141, or 142 of this
chapter or a person holding an approved
course of training for flight engineers in
accordance with part 63 of this chapter.

Flight test data. Actual aircraft
performance data obtained by the aircraft
manufacturer (or other supplier of data
acceptable to the NSPM) during an aircraf